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(54) Electrical circuit board and a method for making the same

(57)  The present invention discloses a multi-layer
circuit board assembly having a first circuit portion hav-
ing a top surface and a bottom surface a first pre-circuit
assembly which is attached to the top surface of the first
circuit portion and which includes a top conductive layer.
A second pre-circuit assembly is attached to the bottom

surface of the first circuit portion and includes a bottom
conductive layer. An aperture is formed through the first
circuit portion, the first pre-circuit assembly and the sec-
ond pre-circuit assembly. A plurality of tab portions are
integrally formed from the top conductive layer, which
extend through the aperture and which are coupled to
the bottom conductive layer.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an electrical
circuit board and more particularly, to a multi-layer elec-
trical circuit board having interconnections between por-
tions or layers of the circuit board.

BACKGROUND OF THE INVENTION

[0002] Multi-layer circuit boards contain and/or in-
clude electrical components which selectively and op-
eratively populate opposed first and second surfaces (i.
e., top and bottom surfaces) of each board (or other re-
spective interior portions of each of the boards), thereby
desirably allowing each of the electrical circuit boards to
contain and/or include a relatively large amount of elec-
trical components which efficiently and densely popu-
late the respective boards.

[0003] It is desirable to allow for communication by
and between and/or interconnection of the component
containing surfaces and/or portions of an electrical cir-
cuit board, thereby allowing the contained electrical
components on each side of the board (or within certain
interior portions of the board) to cooperatively and se-
lectively interconnect to form one or more desired elec-
trical circuits. This communication and interconnection
may require the use of shared electrical ground planes,
the transmittal of electrical power and/or control type
signals between each of the component containing sur-
faces and/or the component containing board portions,
and/or the selective and physical connection of various
contained components.

[0004] This desired interconnection typically requires
one or more vias, apertures and/or holes to be drilled,
etched and/or formed through the core of the circuit
board substrate, thereby selectively creating one or
more vias, apertures and/or holes which pass through
and/or traverse some or all of the component containing
surfaces and/or layers of the circuit board. The vias are
then typically filled with solder (e.g., a pin or component
connector is soldered into the hole). In this manner, elec-
trical connections are made or formed which connect
electrical components and/or circuitry to the core of the
circuit board substrate, or to other components and/or
circuitry located on the opposing side or surface of the
board.

[0005] It is further desirable to form "air-bridges" or
"crossover" type circuits upon and/or within the various
surfaces, layers and/or component containing portions
of the formed circuit board in order to allow multiple lay-
ers or levels of circuits and/or electrical interconnections
to be formed upon a single board surface and/or within
a component containing portion of the circuit board. In
this manner, an increased amount or quantity of the
electrical circuits may be created or formed upon and/
or within the circuit board, thereby desirably increasing
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the density of the contained circuitry.

[0006] Prior methods for physically and electrically in-
terconnecting layers or portions of multi-layered circuit
boards are often relatively complicated, costly and time
consuming. These prior methods have also resulted in
relatively unreliable or defective connections to be
formed, thereby causing certain portions of the formed
circuit boards to be unusable or to malfunction.

[0007] There is therefore a need for a method for pro-
ducing a multi-layer electrical circuit board which over-
comes some or all of the previously delineated draw-
backs of prior circuit boards and which utilizes "vias"
and/or "air bridges" in a relatively uncomplicated and
cost effective manner to form highly reliable physical
and electrical interconnections between one or more
layers of electrical circuitry.

SUMMARY OF THE INVENTION

[0008] Itis afirstobject of the presentinvention to pro-
vide a method for producing a multi-layer electrical cir-
cuit board that overcomes some or all of the previously
delineated drawbacks of prior multi-layer electrical cir-
cuit board forming methodologies and techniques.
[0009] Itis a second object of the invention to provide
a method for producing a multi-layer electrical circuit
board which overcomes some or all of the previously
delineated drawbacks of prior multi-layer electrical cir-
cuit board forming methodologies and techniques and
which allows for the selective, efficient, and reliable in-
terconnection between some or all of the various com-
ponent containing surfaces and portions of the formed
multi-layer electrical circuit board.

[0010] Accordingto a first aspect of the presentinven-
tion, a method for forming a connection within a multi-
layer circuit board is provided. The multi-layer circuit
board includes a core member having a top surface and
a bottom surface, and first and second conductive mem-
bers, which are respectively attached to the top and the
bottom surface of the core member. The method in-
cludes the steps of: selectively removing a portion of the
core member, effective to cause a portion of the first con-
ductive member to form an air bridge over the second
conductive member; providing a bonding tool; imparting
a force upon the air bridge by use of the bonding tool,
the force being effective to collapse a portion of the air
bridge; and bonding the collapsed portion of the air
bridge to the second conductive member, thereby con-
necting the first conductive member to the second con-
ductive member.

[0011] According to a second aspect of the present
invention, a multi-layer circuit board assembly is provid-
ed. The circuit board assembly includes a first circuit
portion having a top surface and a bottom surface; a first
pre-circuit assembly which is attached to the top surface
of the first circuit portion and which includes a top con-
ductive layer; a second pre-circuit assembly which is at-
tached to the bottom surface of the first circuit portion
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and which includes a bottom conductive layer; an aper-
ture which is formed through the first circuit portion, the
first pre-circuit assembly and the second pre-circuit as-
sembly; and a plurality of tab portions which are inte-
grally formed from the top conductive layer, which ex-
tend through the aperture and which are coupled to the
bottom conductive layer, thereby connecting the top
conductive layer to the bottom conductive layer.
[0012] These and other objects, aspects, and advan-
tages of the present invention will become apparent up-
on reading the following detailed description in combi-
nation with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figures 1(a)-(d) are successive sectional side
views of a multi-layer circuit board being produced
and/or formed in accordance with the teachings of
a first embodiment of the invention;

Figures 1(e) is a sectional side view of a multi-layer
circuit board being produced and/or formed in ac-
cordance with the teachings of a second embodi-
ment of the invention;

Figure 2(a)-(e) are successive sectional side views
of a multi-layer circuit board being produced and/or
formed in accordance with the teachings of a third
embodiment of the invention;

Figure 2(f) is a sectional side view of a multi-layer
circuit board being produced and/or formed in ac-
cordance with the teachings of a fourth embodiment
of the invention; and

Figure 2(g) is a top view of the multi-layer circuit
board illustrated in Figure 2(f).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

[0014] Referring now to Figures 1(a)-(d), there is
shown a method for interconnecting layers of a circuit
assembly 10, which is performed in accordance with the
teachings of the preferred embodiment of the invention.
Circuit assembly 10 is formed by "building up" or se-
quentially adding various layers of certain materials to
a core or ground member or layer 12, in a conventional
manner. Core member 12 is manufactured and/or
formed from an electrically conductive material such as
copper or a metallic and electrically conductive foil ma-
terial. A pair of substantially identical layers of dielectric
material or conventional epoxy 14 are respectively ap-
plied/coupled to and substantially "cover" the "top" and
"bottom" surfaces of member 12. Two layers of a con-
ventional adhesive material 16 are applied/coupled to
and substantially "cover" or coat the respective "outer"
surface of each epoxy layer 14.

[0015] Circuit assembly 10 further includes a pair of
pre-circuit assemblies 24, 32. Each pre-circuitassembly
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24, 32 respectively includes a core metal portion or layer
20, 28 which is preferably manufactured and/or formed
from a conventional aluminum material, and a pair of
electrically conductive layers 18, 22 and 26, 30 which
are respectively attached to the opposing surfaces (e.
g., top and bottom surfaces) of core metal portions 20,
28. The electrically conductive layers 18 are preferably
manufactured and/or formed from a conventional cop-
per material. While copper and aluminum are used to
form circuit board 10 in the preferred embodiment of the
invention, it should be appreciated that other metals and
metal combinations can be used to form circuit board
10 and all of the other circuit boards described herein,
and may include metals such as iron, nickel, silver, gold,
tin and alloys thereof. Adhesive materials or layers 16
are disposed between each dielectric layer 14 and each
pre-circuit assembly 24, 32 and respectively and oper-
atively bond the conductive layers 18, 26 of each pre-
circuit assembly 24, 32 to each dielectric layer 14. In
one non-limiting embodiment of the invention, pre-cir-
cuit assemblies 24, 32 and/or electrically conductive
members 18, 26 are connected, coupled, and/or at-
tached to adhesive material 16 by use of a known and
conventional laminating process such as a conventional
"one-step" laminating process.

[0016] Inthe first step of the preferred interconnection
method, certain portions of pre-circuit assembly 24, ad-
hesive material 16, and dielectric layer 14 are selectively
removed from the circuit assembly 10, as shown in Fig-
ure 1(b). Particularly, in the preferred embodiment, por-
tions of adhesive material 16 and dielectric material 14
are first selectively removed from an area or region 38
of the circuit assembly 10 in a conventional manner (e.
g., by routing or machining). Portions of layers 22, 20
and 18 are then selectively removed from region 38 and
from a region 34 by use of a conventional differential
etching process or technique. The afore-described ma-
terial removal or etching process is effective to create
and/or form "air bridges" or crossover members 36 and
40. Particularly, a portion or "strip" of conductive mem-
ber or layer 22 forms a "bridge" 36 which is disposed
over a portion of conductive member or layer 18, and a
portion or "strip" of conductive member or layer 18 forms
a "bridge" 40 over a portion of core 12. In one non-lim-
iting embodiment, portions of the aluminum layer 20 re-
main attached to the bridges 36, 40 and assist in the
below described bonding process. In one non-limiting
embodiment, portions of layers 22, 20 and 18 are selec-
tively removed prior to the assembly of circuit board 10.
[0017] Afterbridges 36, 40 are formed, the bridges 36,
40 are metallized by use of a conventional plating proc-
ess (e.g., an immersion process). In the preferred em-
bodiment, bridges 36, 40 are metallized with a conduc-
tive metal such as silver, gold or nickel, or combination
of these and other metals, thereby increasing the overall
"conductivity" of the bridges 36, 40 and/or increasing the
amount of charge or current that the bridges 36, 40 can
effectively carry or transfer. The metalization of the
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bridges 36, 40 of the preferred embodiment additionally
provide a metallurgically bondable surface finish for
bonding or soldering.

[0018] Referring now to Figure 1(c), a conventional
metallurgical bonding tool 42 (e.g., an ultrasonic or ther-
mo-compression bonding tool) having a relatively sharp
edge 44 is positioned over bridges 36, 40. Prior to the
application of the bonding tool 42, the bridges 36, 40
may be etched with stress concentration features, such
as notches, or the bridges may be etched through so
that the bridge is severed prior to being joined. The
bonding tool 42 is moved downward in the direction of
arrow 46 from the position illustrated in Figure 1(c) to
the position illustrated in Figure 1(d). The sharp edge
44 of bonding tool 42 contacts air bridges 36 and 40 and
is effective to "sever" or "collapse" the air bridges 36,
40, thereby respectively forming interconnection aper-
tures or vias 52, 54. Additionally, the downward force
applied to the severed ends 48, 50, by the bonding tool
42 causes the severed ends 48, 50 to respectively and
forcibly contact conductive layer 18 and core 12. This
forms a reliable interconnection between conductive
layers 22 and 18, and between conductive layers 18 and
12. In other alternate embodiments, other types of bond-
ing tools, methods and/or devices may be used to col-
lapse air bridges 36, 40 and to bond members 22 and
18 and members 18 and 12.

[0019] In a second non-limiting embodiment, illustrat-
ed in Figure 1(e), an amount of solder or conductive ma-
terial 56 is selectively inserted into the formed aperture
or via 52 after the layers 22 and 18 have been either
ultrasonically bonded or simply formed into place. The
conductive material 56 is effective to provide a more ro-
bust and reliable connection between layers 22 and 18.
Additionally, an amount of solder or conductive material
58 is selectively inserted into formed aperture or via 54
after layers 18 and 12 are bonded. Solder material 58
is effective to further interconnect layer 22 with layers
18 and 12 and to provide more robust and reliable inter-
connections between layers 22, 18 and 12. In the pre-
ferred embodiment of the invention, solder material 56
and 58 is selectively inserted or deposited into vias 52
and 54 in a molten state. In alternative embodiments,
solder material 56 and 58 is selectively inserted or de-
posited into vias 52 and 54 by use of a conventional
compression printing technique.

[0020] Referring now to Figures 2(a)-(e), there is
shown a method for interconnecting layers of a circuit
assembly 60, which is performed in accordance with the
teachings of the third embodiment of the invention. Cir-
cuit assembly 60 is formed by "building up" or sequen-
tially adding various layers of certain materials to a core
or ground member or layer 62, in a conventional man-
ner. Core member 62 is manufactured and/or formed
from an electrically conductive material such as copper
or a metallic and electrically conductive foil material. A
pair of substantially identical layers of dielectric material
or conventional epoxy 64 are respectively applied/cou-
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pled to and substantially "cover" the "top" and "bottom"
surfaces of core member 62. Conventional adhesive
material is preferably applied/coupled to and substan-
tially "covers" or coats the respective "outer" surfaces
of each epoxy layer 64, and is effective to bond layers
68 and 80 to layer 64.

[0021] Circuit assembly 60 further includes a pair of
pre-circuit assemblies 66, 74. Each pre-circuit assembly
66, 74 respectively includes a core metal portion 70, 78
which is preferably manufactured and/or formed from a
conventional aluminum material, and a pair of electrical-
ly conductive layers 68, 72 and 76, 80 which are respec-
tively attached to the opposing surfaces of core metal
portions 70, 78. The electrically conductive layers 68,
72 and 76, 80 are preferably manufactured and/or
formed from a conventional copper material. Each pre-
circuit assembly 66, 74 is respectively and operatively
attached/coupled to each dielectric layer 64 by use of
the conventional adhesive material. Circuit assembly 60
further includes a solder mask material 82 which is con-
ventionally applied/coupled to portions of dielectric layer
64 and to conductive layer or member 72. The solder
mask may also be applied to the bottom side of the sub-
strate surfaces (i.e., 64 and 76).

[0022] In the first step of this interconnection method,
certain portions of pre-circuit assemblies 66, 74, dielec-
tric material 64, and core 62 are selectively removed
from a region 84 of the circuit assembly 60, as shown
in Figure 2(a). Particularly, portions of layers 76 - 80, 68,
70 and 62 are selectively removed from region 84 by
use of a conventional etching process, procedure or
technique, and portions of dielectric material 64 are se-
lectively removed from region 84 by use of a conven-
tional mechanical process (e.g., by routing, drilling, or
machining), thereby forming a cavity or via 86. Region
84 and via 86 are preferably generally circular in shape.
The afore-described material removal or etching proc-
ess is further effective to create and/or form portions,
traces, or protrusions 88 of conductive layer or member
72 which remain or extend within via 86 and/or region
84. Core layer 62 is preferably further "recessed" (e.g.,
etched) back from via 86 in order to prevent traces 88
from being shorted (e.g., connected to layer 62). In other
alternate embodiments, core 62 is not recessed in order
to intentionally short or connect traces 88 to core 62.
[0023] Once aperture or via 86 has been formed, pro-
trusions or extensions 88 are forced downward in the
direction illustrated by arrow 90, and move from the po-
sition shown in Figure 2(a) to the position shown in Fig-
ure 2(b). In the preferred embodiment, portions 88 are
forced and/or moved downward by use of air pressure,
fluid pressure, mechanical force, or a lead forming de-
vice. It should be appreciated that once protrusions 88
have been forced downward into the position illustrated
in Figure 2(b), protrusions 88 each contact conductive
layers or members 68, 80, and 76, and create a physical
and electrical interconnection between members 76, 80,
68 and 72. End portions 92 are then "bent" or folded
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over portions or members 76 as illustrated in Figure 2
(c), thereby securing protrusions 88 in an operatively
"connected" position (e.g., protrusions 88 operatively
connect members 76, 80, 68 and 72).

[0024] Conventional solder paste 94 is conventionally
dispensed and/or inserted within aperture 86, as illus-
trated in Figure 2(d). In one non-limiting embodiment, a
conventional solder paste dispensing syringe is inserted
into aperture 86 prior to the deformation or "bending" of
protrusions 88, and is effective to deform and/or force
protrusions 88 downward (e.g., into the position illustrat-
ed in Figure 2(b)) when the syringe is inserted. As the
syringe is removed, it disposes, dispenses and/or de-
posits solder paste or material 94 within the aperture or
via 86. As illustrated in Figure 2(e), the solder material
94 is subsequently heated or "re-flowed" and forms a
robust connection between conductive layers or mem-
bers 68, 72, 76, and 80. It should be appreciated, that
circuit assembly 60 allows the "non-wettable" insulating
layers or members 64 (i.e., layers or members 64 cannot
be metallurgically bonded to conventional solder mate-
rial) to be initially "bridged" or crossed-over, effective to
connect members 68, 72, 76, and 80, without the use of
solder material.

[0025] Referring now to Figures 2(f) - (g), there is
shown a circuit assembly 100 made in accordance with
a fourth embodiment of the present invention. Circuit as-
sembly 100 is substantially identical in structure and
function to circuit assembly 60 with the exception that a
total of four protrusions 88 are formed and/or utilized
instead of two protrusions 88. In this manner, circuit as-
sembly 100 provides a more robust and reliable connec-
tion between conducting members or layers 68, 72, 76,
and 80. In one non-limiting embodiment, the dielectric
insulative or "solder mask" material 101 can be applied
to the via walls of the core 62 to prevent any shorting of
traces 88 to core 62, as opposed to the technique used
in Figures 2(a)-2(e) where the recessing of the core ma-
terial 62 prevents shorting. If shorting of the trace 88 to
the core 62 is desired then no recessing or coating of
core material 62 is used.

[0026] It should be understood that the invention is
not limited to the exact embodiment or construction
which has been illustrated and described but that vari-
ous changes may be made without departing from the
spirit and the scope of the invention.

Claims
1. A multi-layer circuit board assembly comprising:

a first circuit portion having a top surface and a
bottom surface;

a first pre-circuit assembly which is attached to
said top surface of said first circuit portion and
which includes a top conductive layer;

a second pre-circuit assembly which is at-
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tached to said bottom surface of said first circuit
portion and which includes a bottom conductive
layer;

an aperture which is formed through said first
circuit portion, said first pre-circuit assembly
and said second pre-circuit assembly; and

a plurality of tab portions which are integrally
formed from said top conductive layer, which
extend through said aperture and which are
coupled to said bottom conductive layer, there-
by connecting said top conductive layer to said
bottom conductive layer.

The multi-layer circuit board assembly of claim 1
wherein said first pre-circuit assembly further in-
cludes a second conductive layer and a first core
metal layer which is disposed between said second
conductive layer and said top conductive layer, and
wherein said plurality of tab members are further ef-
fective to connect said second conductive layer to
said top and bottom conductive layers.

The multi-layer circuit board assembly of claim 2
wherein said second pre-circuit assembly further in-
cludes a third conductive layer and a second core
metal layer which is disposed between said third
conductive layer and said bottom conductive layer,
and wherein said plurality of tab members are fur-
ther effective to connect said third conductive layer
to said second conductive layer and said top and
bottom conductive layers.

The multi-layer circuit board assembly of claim 1
wherein said first circuit portion comprises a con-
ductive core member having a first and second sur-
face and a pair of dielectric members which are at-
tached to said first and second surfaces.

The multi-layer circuit board assembly of claim 1
further comprising an amount of conductive mate-
rial which is disposed within said aperture.
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